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METHOD AND SYSTEM FOR DETERMINING
ALTERNATE PATHS

BACKGROUND INFORMATION

Modern communication networks are growing 1n size and
complexity. As the number of consumers 1ncreases and ser-
vices evolve 1n sophistication, the performance of these net-
works can degrade, 1n part, from link and/or equipment fail-
ure. Telecommunication networks rely on connection-
oriented (e.g., circuit-switched systems), to transport voice
traffic as well as data traific. Such networks utilize digital
cross-connect systems (DXC or DCS) to multiplex and
switch low-data rate signals onto higher speed connections.
Additionally, DXCs provide a capability to switch paths to
avold network faults, for example. In typical carrier networks,
the number of DXCs can be quite large, resulting 1n numerous
alternate paths through the network. Consequently, tracking
and determining the circuits and paths throughout the net-
work, particularly if different networks are involved, can be
daunting. Traditionally, such determination of paths and asso-
ciated switching among the paths are highly inefficient and
manually intensive.

Therefore, there 1s a need for an approach that provides for
ciliciently determining alternate paths 1n a communications
network.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments are 1llustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings in which like reference numerals
refer to similar elements and 1n which:

FIG. 1 1s a diagram of a system capable of automatically
determining available alternate paths, according to various
exemplary embodiments;

FIGS. 2A and 2B are, respectively, a diagram of an auto-
mated route determination platiorm and a diagram of an
exemplary digital cross-connect, each of which 1s configured
to operate 1n the system of FIG. 1, according to an exemplary
embodiment;

FI1G. 3 1s a flowchart of a process for determining available
alternate paths, according to an exemplary embodiment;

FIGS. 4A and 4B are a tflowchart of a path analysis process,
according to an exemplary embodiment;

FIGS. 5A-5E are diagrams of an exemplary path and asso-
ciated graphical user interface (GUI) displaying correspond-
ing path legs, according to an exemplary embodiment;

FI1G. 6 1s a diagram of GUT showing a branching capability
in presenting the number of hops of paths, according to an
exemplary embodiment;

FIG. 7 1s a diagram of a database configured to store infor-
mation relating to path analysis, according to an exemplary
embodiment; and

FIG. 8 1s a diagram of a computer system that can be used
to implement various exemplary embodiments.

DESCRIPTION OF THE PR
EMBODIMENT

L1

FERRED

A preferred apparatus, method, and system for determining
available alternate paths are described. In the following
description, for the purposes of explanation, numerous spe-
cific details are set forth 1n order to provide a thorough under-
standing of the preferred embodiments of the invention. It 1s
apparent, however, that the preferred embodiments may be
practiced without these specific details or with an equivalent
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2

arrangement. In other instances, well-known structures and
devices are shown 1n block diagram form in order to avoid
unnecessarily obscuring the preferred embodiments of the
invention.

Although various exemplary embodiments are described
with respect to a connection-oriented (e.g., circuit-switched)
network, 1t 1s contemplated that these embodiments have
applicability to any communication system capable of pro-
viding alternate paths from a source node to a destination
node.

FIG. 1 1s a diagram of a system capable of automatically
determining available alternate paths, according to various
exemplary embodiments. As shown, a communications sys-
tem 100 includes connection-oriented networks 101, 103,
which utilize a system of digital cross connects (DXCs) to
establish communication paths. By way of example, the net-
works 101, 103 are circuit-switched networks that are oper-
ated by different service providers, in which the particular
circuits are provisioned by different provisioning systems
105, 107, respectively. The network 101 includes multiple
DXCs 109-113; 1n this example, the DXCs 109, 111 can

reside within the same physical facility. The DXC 113 pro-
vides connectivity to a switch 113 (e.g., voice switch). Simi-
larly, the connection-oriented network 103 deploys one or
more DXCs 117-121 as a transport network, wherein a switch

123 1s served by DXC 119. The DXCs are more fully
described with respect to FIG. 2B. The switches 115, 123 can
be either a voice switch or a data switch.

An automated path determination platform 125, which
resides within the network 101 or the network 103, provides
management of the DXCs 109-113 of the network 101 as well
as DXCs 117-121 of the network 103. The platform 125 can

communicate with both provisioning systems 105, 107 to
acquire information about the topologies of the networks 101
and 103 with respect to the network elements 109-113 and
117-121. Conventionally, the topology mmformation can be
created based on circuit identifiers (IDs) and ports of the
DXCs 109-113 and 117-121. However, as will be more evi-

dent later, circuit IDs are not required to determine the alter-
nate paths, under an approach utilized by the platform 125.

That 1s, the platform 125 identifies available facility based
DXC paths between two locations. For instance, during out-
age or jeopardy situations, these paths are used for alternate
routing purposes. Under the scenario of FIG. 1, path A origi-
nates from DXC 113 serving switch 115 and traverses net-
work 101 to DXC 121 of network 103 and terminates at DXC
119. An alternative path to path A 1s path B, which encom-
passes DXC 113 and DXC 117. These paths A and B can be
designated as primary and secondary paths, respectively. In
such an arrangement, the tratfic of source switch 115 can still
be transported to destination switch 123, even though path A
experiences a problem (e.g., falled equipment or physical cut
of a line). Alternate paths can be utilized during outage situ-
ations where time to repair 1s unknown or prolonged. This can
be critical, as prolonged outages can negatively affect rev-
enue. As such, efficient alternate route resolution has a direct
impact on lost revenue.

To better appreciate the operations of the platform 125, 1t 1s
istructive to describe traditional alternate routing schemes.
Using the system 100 of FIG. 1, the complexity of manually
establishing a path between two site locations can be shown.
Traditionally, a user or agent of the network 101 logs into the
provisioning system 105, 107 to manually query each leg (or
segment) of a given communication path. However, this pro-
cess can be time-consuming (e.g., 1n a relatively large net-
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work, 1t may require 30 minutes to determine one path), not to
mention the associated cost to train the user on the provision-
ing systems 105, 107.

FIGS. 2A and 2B are, respectively, a diagram of an auto-
mated route determination platform and a diagram of an
exemplary digital cross-connect, each of which 1s configured
to operate 1n the system of FIG. 1, according to an exemplary
embodiment. For the purposes of illustration, the platform
125 includes a path analysis module 201 to determine the
alternate paths within the circuit-switched environment of
FIG. 1. Also, a data collection module 203 1s employed to
gather necessary topology information from the provisioning
system 105, 107. The platform 125 may additionally mnclude
modules 203, 207 to perform fault detection and recovery in
conjunction with the path analysis. A presentation module
209 can display a graphical user interface (GUI) to a user for
specilying criteria or rules associated with the path analysis,
and for outputting the results for selection. A reporting mod-
ule 211 can also be included to provide reporting capabilities
tor the user. In this example, a database 213 can be configured
to store path analysis parameters and results.

The operation of this platform 125 1s now explained below
with respect to FIG. 3.

For the purposes of illustration, a digital cross-connect
(DCS or DXC), such as DXC 109, includes numerous ports
221a-221n for recerving ingress traific and for forwarding
egress traffic. DXCs switch circuits by making internal logi-
cal connections between external physical ports 1n response
to external control. Accordingly, a switching matrix 223
switches among the ports 221a-221x. To efficiently transmait
signals, multiple circuits of the same capacity are combined
or multiplexed together into a single carrier (e.g., “trunk™). In
one embodiment, multiplexing hierarchy can be based on a
Synchronous Digital Hierarchy (SDH): DS-0 circuits (or
Digital Signal Level 0) with a capacity of up to 64 kilobits per
second (Kbps); DS-1 circuits of 1.544 megabits per second
(Mbps) or 24 DS-0s; DS-2 circuits of 6.312 Mbps or 4 DS-1s;
and DS-3 circuits of 44.736 Mbps or 7 DS-2s.

For example, the DXC 109 can be a DXC 3/3 node that
switches DS3 (Digital Signal 3, which 1s a level 3 T-carrier
with a rate of 44.736 Mbps) signals, a hybrid DXC 3/1 node
that switches DS1 (rate of 1.544 Mbps) and DS3 signals,
and/or a DXC 1/0 node that switches DS1 and DSO (rate of 64
kbps) signals. In addition to electrical DXCs, it 1s contem-
plated that the DXC 109 can also be an optical cross-connect
(OXC) for use 1n an optical networking environment.

Thus, depending on the application, the DXC 109 can
process Synchronous Digital Hierarchy (SDH) signals as
well as SDH/SONET (Synchronous Digital Hierarchy/Syn-
chronous Optical Network) signals. For instance, long-haul
transmission equipment such as fiber-optic systems can com-
bine a certain number of DS-3s; e.g., SONET OC-48 (Optical
Carrier Level 48) combines 48 DS-3 circuits.

FIG. 3 1s a flowchart of a process for determining available
alternate paths, according to an exemplary embodiment. In
step 301, the platform 125 determines the available paths
from a source network element (ornode), e.g., DXC 113,to a
destination network element, e.g., DXC 119. The available
paths are then sorted according to a predetermined criterion
(or criteria), as 1n step 303. The criteria can be based on hop
length, or any other metric. The hop count then 1s the number
of subsequent legs (or segments) along the path from source
node to destination node. Next, the platform 123 can filter the
sorted paths using, according to one embodiment, a particular
network element and/or location (step 305). This filtering
capability thus permits the non-selection of a particular DXC
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within a certain location (e.g., if the location 1s generally
overloaded with heavy traffic). In step 307, a path from the
remaining ones 1s selected for use. It 1s noted that this process
1s automated, and does not require manually accessing the
particular provisioning systems, or manually enumerating
and evaluating the available paths.

According to certain embodiments, the path analysis can
depend on whether the communication path 1s an egress to
igress (1.€., egress/ingress) or an ingress to egress (1.e.,
ingress/egress), as next described.

FIGS. 4A and 4B are a flowchart of a path analysis process,
according to an exemplary embodiment. In step 401, the
process determines whether the path 1s Egress/Ingress or
Ingress/Egress, wherein an Egress to Ingress path has a 1:N
relationship (1.e., 1 to many; N being an imteger of 1 or
greater) and an Ingress/Egress path has a 1:1 relationship.
Hence, 1n step 403, a 1 to many relationship 1s created with
respect to the alternate paths, and a 1:1 relationship 405 1s
produced, per step 405.

Upon establishing the appropriate relationship for the path,
the process determines the number of hops, as 1n step 407, for
the path. The determined number of hops 1s compared with a
predetermined threshold (which 1s a configurable parameter),
per step 409. For example, the threshold can be set at 5 hops.
As shown 1in FIG. 4B, theregion 1s then analyzed, 1n which the
process determines whether a region 1s to be excluded, as in
step 411. If the node or network element 1s to be excluded
based on region, the path analysis ceases (step 413). Other-
wise, the process analyzes the destination DXC, and checks
whether an end point 1s found (step 415). If this 1s not the end
point, then the process loops back to step 401. If the destina-
tion node 1s found, then the path 1s output (per step 417).

In support of the execution of the above path analysis
process, the platform 1235 employs a GUI that permits the user
to readily view the available paths.

FIGS. 5A-5E are diagrams of an exemplary path and asso-
ciated graphical user interface (GUT) displaying correspond-
ing path legs, according to an exemplary embodiment. In this
example (shown in screen 501), a path 503 originates 1n
Houston, traverses through New Orleans, La., through Jack-
sonville, then Fla., Coco Beach, Fla., and ends 1n Miam, Fla.
(screen 501 of FIG. SA). Within a query screen 505 of FIG.
5B, text boxes 507, 509 permit the user to specily an origi-
nating (or source) network element using a city identifier and
an equipment identifier. Similarly text boxes 511, 513 provide
parameters for 1identifying the destination node. Text boxes
507 and 511 refer to the DXC site name, while text boxes 509
and 513 relate to the DXC equipment ID number (e.g., AA=1,
AB=2, AC=3, etc.). In this example, HSJ] AA denotes the
DXC number 1 at HSJ site; HSJ AB represents DXC 2 at HSJ
site. Section 315 illustrates a path structure that specifies the
number of hops corresponding to the communication path.
Hops represent, 1n one embodiment, the number of network
clements (e.g., DXCs) along a complete path—i.e., from
source DXC to destination DXC. In an exemplary embodi-
ment, the structure 1s expandable and collapsible, so that the
user can readily focus on the desired paths.

Also, query screen 503 provides for a Paths button 517 to
initiate determination of the available paths. A Stop button
519, upon selection, will halt the path analysis process. An

Exclude button 521 eliminates the paths that user designates
for removal; as mentioned earlier, the exclusion can be based
on network element and/or location. Further, an Exit button
523 allows the user to terminate the application.
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FIG. 5C depicts a screen 531, whereby the path 503 expe-
riences a failure (e.g., outage). As such, an alternate path 533

1s determined. Screen 535 of FIG. 5D reflects the alternate
path 533.

FIG. SE i1llustrates a query screen 541 in which a drill down
box 543 associated with the query screen 341 permaits the user

to exclude particular network elements or location. Text
boxes 545-551 relate to facilities and city. The Add buttons
547, 551 are used to include additional network elements for
exclusion from the set of available paths.

FI1G. 6 1s a diagram of GUI showing a branching capability
in presenting the number of hops of paths, according to an
exemplary embodiment. As seen 1n graphic 601, each branch
may represent a path’s connection from one DXC to another.
In this example, 5 hops are illustrated, wherein the legs of the
path are provided.

FI1G. 7 1s a diagram of a database configured to store infor-
mation relating to path analysis, according to an exemplary
embodiment. Exemplary data structures 701, 703 relating to
path analysis information can be stored in database 213. By
way of example, the record of table 701 includes equipment
information for the source network element and the destina-
tion network element (e.g., “NMT1” and “NMT2” respec-
tively); the fields can include the name of the network element
(e.g., “NMT” for the name of the DXC), description of the
network element, port information, and type of network ele-
ment.

Table 703 specifies, for example, the network element and
the location where the network element resides.

The processes described herein for determining alternate
paths may be implemented via software, hardware (e.g., gen-
eral processor, Digital Signal Processing (DSP) chip, an
Application Specific Integrated Circuit (ASIC), Field Pro-
grammable Gate Arrays (FPGAs), etc.), firmware or a com-
bination thereof. Such exemplary hardware for performing,
the described functions 1s detailed below.

FI1G. 8 illustrates computing hardware (e.g., computer sys-
tem) upon which an embodiment according to the invention
can be implemented. The computer system 800 includes a bus
801 or other communication mechanism for communicating
information and a processor 803 coupled to the bus 801 for
processing information. The computer system 800 also
includes main memory 805, such as random access memory
(RAM) or other dynamic storage device, coupled to the bus
801 for storing information and instructions to be executed by
the processor 803. Main memory 805 also can be used for
storing temporary variables or other intermediate information
during execution of instructions by the processor 803. The
computer system 800 may further include a read only
memory (ROM) 807 or other static storage device coupled to
the bus 801 for storing static information and instructions for
the processor 803. A storage device 809, such as a magnetic
disk or optical disk, 1s coupled to the bus 801 for persistently
storing information and instructions.

The computer system 800 may be coupled via the bus 801
to a display 811, such as a cathode ray tube (CRT), hiquid
crystal display, active matrix display, or plasma display, for
displaying information to a computer user. An mput device
813, such as a keyboard including alphanumeric and other
keys, 1s coupled to the bus 801 for communicating informa-
tion and command selections to the processor 803. Another
type of user iput device 1s a cursor control 815, such as a
mouse, a trackball, or cursor direction keys, for communicat-
ing direction information and command selections to the
processor 803 and for controlling cursor movement on the

display 811.
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According to an embodiment of the mvention, the pro-
cesses described herein are performed by the computer sys-
tem 800, in response to the processor 803 executing an
arrangement of 1nstructions contained 1n main memory 805.
Such 1nstructions can be read into main memory 803 from
another computer-readable medium, such as the storage
device 809. Execution of the arrangement ol instructions
contained in main memory 803 causes the processor 803 to
perform the process steps described herein. One or more
processors 1n a multi-processing arrangement may also be
employed to execute the instructions contained in main
memory 805. In alternative embodiments, hard-wired cir-
cuitry may be used 1n place of or in combination with sofit-
ware mstructions to implement the embodiment of the inven-
tion. Thus, embodiments of the invention are not limited to
any specific combination of hardware circuitry and software.

The computer system 800 also includes a communication
interface 817 coupled to bus 801. The communication inter-
tace 817 provides a two-way data communication coupling to
a network link 819 connected to a local network 821. For
example, the communication interface 817 may be a digital
subscriber line (DSL) card or modem, an integrated services
digital network (ISDN) card, a cable modem, a telephone
modem, or any other communication interface to provide a
data communication connection to a corresponding type of
communication line. As another example, communication
interface 817 may be a local area network (LAN) card (e.g.
for Ethernet™ or an Asynchronous Transier Model (ATM)
network) to provide a data communication connection to a
compatible LAN. Wireless links can also be implemented. In
any such implementation, communication interface 817
sends and recerves electrical, electromagnetic, or optical sig-
nals that carry digital data streams representing various types
of information. Further, the communication intertace 817 can
include peripheral interface devices, such as a Universal
Serial Bus (USB) iterface, a PCMCIA (Personal Computer
Memory Card International Association) interface, etc.
Although a single communication interface 817 1s depicted in
FIG. 8, multiple communication interfaces can also be
employed.

The network link 819 typically provides data communica-
tion through one or more networks to other data devices. For
example, the network link 819 may provide a connection
through local network 821 to a host computer 823, which has
connectivity to a network 825 (e.g. a wide area network
(WAN) or the global packet data communication network
now commonly referred to as the “Internet”) or to data equip-
ment operated by a service provider. The local network 821
and the network 825 both use electrical, electromagnetic, or
optical signals to convey information and instructions. The
signals through the various networks and the signals on the
network link 819 and through the communication interface
817, which communicate digital data with the computer sys-
tem 800, are exemplary forms of carrier waves bearing the
information and instructions.

The computer system 800 can send messages and receive
data, including program code, through the network(s), the
network link 819, and the communication interface 817. In
the Internet example, a server (not shown) might transmit
requested code belonging to an application program for
implementing an embodiment of the mvention through the
network 825, the local network 821 and the communication
interface 817. The processor 803 may execute the transmitted
code while being recerved and/or store the code in the storage
device 809, or other non-volatile storage for later execution.
In this manner, the computer system 800 may obtain appli-
cation code 1n the form of a carrier wave.
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The term “computer-readable medium™ as used herein
refers to any medium that participates 1n providing instruc-
tions to the processor 803 for execution. Such a medium may
take many forms, including but not limited to non-volatile
media, volatile media, and transmission media. Non-volatile
media include, for example, optical or magnetic disks, such as
the storage device 809. Volatile media include dynamic
memory, such as main memory 805. Transmission media
include coaxial cables, copper wire and fiber optics, including
the wires that comprise the bus 801. Transmission media can
also take the form of acoustic, optical, or electromagnetic
waves, such as those generated during radio frequency (RF)
and infrared (IR) data communications. Common forms of
computer-readable media include, for example, a tloppy disk,
a flexible disk, hard disk, magnetic tape, any other magnetic
medium, a CD-ROM, CDRW, DVD, any other optical
medium, punch cards, paper tape, optical mark sheets, any
other physical medium with patterns of holes or other opti-
cally recognizable indicia, a RAM, a PROM, and EPROM, a
FLASH-EPROM, any other memory chip or cartridge, a car-
rier wave, or any other medium from which a computer can
read.

Various forms of computer-readable media may be
involved 1n providing instructions to a processor for execu-
tion. For example, the instructions for carrying out at least
part of the embodiments of the mvention may imtially be
borne on a magnetic disk of a remote computer. In such a
scenario, the remote computer loads the instructions into
main memory and sends the instructions over a telephone line
using a modem. A modem of a local computer system
receives the data on the telephone line and uses an infrared
transmitter to convert the data to an infrared signal and trans-
mit the mnfrared signal to a portable computing device, such as
a personal digital assistant (PDA) or a laptop. An infrared
detector on the portable computing device receives the imnifor-
mation and istructions borne by the infrared signal and
places the data on a bus. The bus conveys the data to main
memory, from which a processor retrieves and executes the
instructions. The instructions recerved by main memory can
optionally be stored on storage device either before or after
execution by processor.

While certain exemplary embodiments and implementa-
tions have been described herein, other embodiments and
modifications will be apparent from this description. Accord-
ingly, the mvention 1s not limited to such embodiments, but
rather to the broader scope of the presented claims and vari-
ous obvious modifications and equivalent arrangements.

What is claimed 1s:

1. A method comprising:

storing information specifying a set of available paths
among network elements within a connection-oriented
network:

for each of the available paths, determining whether the
path 1s an egress to 1ngress type or an ingress to egress
type;

for each of the available paths, comparing a determined
number of hops with a predetermined threshold;

for each of the available paths, determining whether a
region associated with one or more of the network ele-
ments 1S to be excluded;

sorting the available paths according to a predetermined
criterion; and

selectively filtering the sorted paths based on either a par-
ticular one of the network elements,

a region associated with one or more of the network ele-
ments, or a combination thereof.
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2. A method according to claim 1, wherein the network 1s a
circuit-switched network, and the network elements include
digital cross connects configured to establish the paths.

3. A method according to claim 1, wherein the connection-
oriented network includes a first connection-oriented net-
work of a first service provider and a second connection-
oriented network of a second service provider.

4. A method according to claim 1, further comprising:

selecting one of the filtered paths, wherein the selected path
1s established over the connection-oriented network 1n
response to a fault detected within the connection-ori-
ented network.

5. A method according to claim 1, wherein the predeter-
mined criterion includes hop length, each of the paths
includes one or more legs, and the paths are 1dentified without
use of circuit identifiers.

6. A method according to claim 1, wherein the stored
information includes a name field, a description field, a port
field, and a type field for corresponding ones of the network
clements.

7. A method according to claim 1, further comprising;:

displaying a graphical user interface that includes,

a first section for specilying an originating network ele-
ment,

a second section for specilying a destination network
element, and

a third section for providing a tree structure arranged
according to a number of hops of the paths.

8. A method according to claim 1, further comprising;:

displaying a graphical user interface that includes,

a first section for specitying the region, and
a second section for specilying one of the network ele-
ments.

9. An apparatus comprising;:

a data collection module configured to obtain information
specilying a set of available paths among network ele-
ments within a connection-oriented network; and

a path analysis module configured to, for each of the avail-
able paths, determine whether the path 1s an egress to
ingress type or an ingress to egress type, compare a
determined number of hops with a predetermined
threshold, determine whether a region associated with
one or more of the network elements 1s to be excluded;
and further configured to sort the available paths accord-
ing to a predetermined criterion, and to selectively filter
the sorted paths based on either a particular one of the
network elements, a region associated with one or more
of the network elements, or a combination thereof.

10. An apparatus according to claim 9, wherein the network
1s a circuit-switched network, and the network elements
include digital cross connects configured to establish the
paths.

11. An apparatus according to claim 9, wherein the con-
nection-oriented network includes a first connection-oriented
network of a first service provider and a second connection-
oriented network of a second service provider.

12. An apparatus according to claim 9, wherein the proces-
sor 1s Turther configured to select one of the filtered paths,
wherein the selected path 1s established over the connection-
oriented network in response to a fault detected within the
connection-oriented network.

13. An apparatus according to claim 9, wherein the prede-
termined criterion includes hop length, each of the paths
includes one or more legs, and the paths are identified without
use of circuit identifiers.
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14. An apparatus according to claim 9, wherein the stored generating a list of available communication paths from a
information icludes a name field, a description field, a port first one of the digital cross connects to a second one of
field, and a type field for corresponding ones of the network the digital cross connects;
clements.

for each of the available communication paths, determin-
ing whether the path 1s an egress to imgress type or an
igress to egress type to generate the list;

for each of the available communication paths, comparing,
a determined number of hops with a predetermined

15. An apparatus according to claim 9, further comprising:
a presentation module configured to display a graphical
user interface that includes,
a first section for specilying an originating network ele-

ment,
a second section for specifying a destination network 0 threshold;
element, and for each of the available communication paths, determin-
a third section for providing a tree structure arranged ing whether a region associated with one or more of
according to a number of hops of the paths. network elements is to be excluded:
16. An apparatus according to claim 9, further comprising: filtering the list of available communication paths based on
a fault recovery module configured to detect a fault within either network element, location, or a combination
‘[hfe-‘;1 connection-oriented network; L thereof: and
an

, _ , selecting one of the available communication paths from
a presentation module configured to display a graphical the filtered list

user interface that includes,
a first section for specitying the region, and
a second section for specilying one of the network ele-
ments.

17. A method comprising:

collecting topology information from a first provisioning,
system corresponding to a first circuit-switched network
and from a second provisioning system corresponding to
a second circuit-switched network, wherein the circuit-
switched networks 1nclude a plurality of digital cross
connects; k% ok ok %k

18. A method according to claim 17, wherein the list of

>0 available communication paths 1s determined in response to a
tault detected within one of the circuit-switched networks.
19. A method according to claim 17, further comprising;:

creating for each of the available paths a one-to-many

relationship or a one-to-one relationship with respect to

25 alternate paths.
20. A method according to claim 17, wherein the available

paths are arranged based on hop length.
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